. Introduction
Organic electronics, which utilize the novel electrical and optical properties of organic materials, such as π-conjugated molecules and polymers called conducting polymers, and photonic crystals (PCs) with periodic structures of optical-wavelength order, are considered to be key technologies for sustaining the highly advanced Information Society of the 21st century. The ubiquitous computing for sustaining such a society must be based on portable electronics and opto-electronics devices with light weight, flexibility, low energy consumption, low fabrication cost and high reliability.
In this paper, we discuss the historical background and recent progress in the development of organic electronics and PCs. In particular, tunable PCs realized by combining the PC structure with functional organic molecules, as proposed by us, will be discussed in detail. In other words, in this article we discuss organic electronic devices based mostly on conducting polymers, restricting ourselves to fields related to the photonic effect and tunable PCs.
. Organic Electronics
We can trace the origin of organic elec- For PLEDs, the introduction of side chains to linear conducting polymers was groundbreaking, because, with this introduction, conducting polymers became soluble and fusible, and their emission intensity was enhanced depending on the length of side chains. [5] [6] [7] In this respect, it should be mentioned that the synthesis of poly(9,9-dialkylfluorene) with a large band gap 8) and the first observation of blue electroluminescence (EL) in a PLED utilizing this material 9) stimulated the synthesis of this type of conducting polymer. That is, conducting polymers with desired band gaps could be designed and prepared to realize red, green and blue emission of PLEDs. [10] [11] [12] Particular effort has been expended for obtaining blue-emission PLEDs.
It should also be mentioned that the introduction of SP 3 carbon or hetero-atoms such as Si and Sn in the main chain, as shown in Fig. 1 , was found to be effective for increasing the band gap in order to realize blue emission and for enhancing emission intensity by exciton confinement. 13, 14) The matching of the bottom of the conduction band and the top of the valence band of the conducting polymer to the Fermi energy levels of the cathode and the anode, respectively, in PLED devices is also important for achieving carrier injection. In particular, the introduction of nitrogen atoms to the structure was successful lowering the bottom of the conduction band to facilitate electron injection. 15, 16) To realize strong emission, it has been found to be effective to use phosphorescent materials. 17, 18) That is, it is effective to enhance EL emission intensity by emissive recombination of triplet excitons. Here, we 22) In addition, TDAPB is resistant to crystallization because of its steric hindrance; it also possesses excellent wet-process film-forming will only report recent results as examples. A low-molecular-weight phosphorescent OLED is usually fabricated by evaporation or molecular deposition in vacuum. However, for a practical low cost device, a wet process is desirable.
Here, we will explain one of the trials as an example. 19, 20) Phosphorescent organic LEDs (PHOLEDs), fabricated using heavy-metal-containing phosphorescent compounds, exhibit high external quantum efficiencies and their radiative emission comes from the triplet states. In order to achieve high device perfor- .
Conducting polymer laser
We have demonstrated that electronic energy schemes of conducting polymers best fit lasers because they are typical four-electronic-energy-level systems, with which we can realize population inversion and lasing with low threshold excitation. 25) Indeed, even without outer cavity mirrors, super-radiation was observed upon optical excitation in conducting polymers. 26) By the introduction of fluorescent conducting polymers in cavities, low threshold lasing can be realized. 26) We examined the microring structure of l a s e r s b y i m m e r s i n g optical fibers in solutions of conducting polymer.
Then we were able to prepare microring structures surrounding optical fibers. 27) A microring lasing device was also prepared by utilizing the microdisk structure on the substrate. 28, 29) H o w e v e r, h e r e , w e re s t r i c t o u r s e l v e s t o microring fibers.
As shown in Fig.   3 (a), the spectral width de cre as e s dr as tic all y above a certain threshold excitation intensity. It should also be mentioned that upon decreasing the diameter of the fiber, single mode laser emission was observed, as shown in Fig. 3(b) .
We proposed the formation of microring structures utilizing glass pipes instead of fibers. 30) In the case of pipes microrings can be formed not only on the outer surface of the pipe but also on its inside surface. The spectrum shown in Fig. 4(a) was obtained by optical excitation on the double-ring device made of poly(2-methoxy-5-dodecyloxy-pphenylenevinylene) (MDDOPPV).
By the analysis of Fig. 4(a) , the emission was confirmed to originate from both outside and inside rings. It should also be stressed that by utilizing a different conducting polymer on the inside surface from that on the outer surface, two-color lasing can be realized, as shown in Fig. 4(b) . 30) . Organic solar cells The first type of solar cells resulted from our finding of photoinduced charge transfer between conducting polymers and C60. [32] [33] [34] Here, we will discuss only this type of device.
As shown in Fig. 5 , photoluminescence of conducting polymer is strongly quenched whereas photoconductivity is markedly enhanced upon the introduction of C60 to the conducting polymer. These novel characteristics can be explained by photoinduced charge transfer between the conducting polymer and C60. [32] [33] [34] Utilizing various combinations and struc- 44) Organic chromic devices are also promising for applications in various fields.
We have proposed a color switching device based on the reversible insulator-metal transition occurring in conducting polymer upon doping and undoping. [45] [46] [47] This idea came to us when a drastic change in electrical conductivity owing to insulator transition upon doping was discovered, [45] [46] [47] That is, by utilizing a transparent ZnO electrode on which a C60 layer is formed and irradiating from this side, the window effect was eliminated, because electron-hole separation occurs at the interface between C60 and the conducting polymer junction. 39) It should also be mentioned that in the interpenetrating network type of solar cells EQE spectra and I-V characteristics of thin-film solar cells with composite system of conducting polymer and C60 obtained under various postdeposition annealing conditions. device structure and system, a full-color, reliable long-life optical device should be realized in the near future.
. Photonic Crystal
Recently, PCs with a three-dimension- as the precursor gas in order to increase the reaction yield in the CVD process. 60) As clearly shown in Fig. 8(b 
Mechanical tuning in plastic opal
The periodicity and filling factor of the opals and infiltrated opals can be controlled by applying mechanical stress. In the case of silica Mechanical tenability was also demonstrated in elastomeric-polymer inverse opal prepared by the replica method.
Voltage tuning
Voltage In the above-described electric field and magnetic field tuning of PC characteristics in LC-infiltrated opals, any LCs, such as NLC, smectic LC, and cholesteric LC, can be used.
On the contrary, opals infiltrated with LCs can be used as optically detectable magnetic field sensors.
Optical tuning
The optical properties of materials that have been infiltrated into synthetic opals and that also constitute opal replicas can also explained by the amplified spontaneous emission (ASE) and the latter by multimode lasing transiently control the PC by light irradiation.
Materials that exhibit photoinduced phase transition are also interesting for infiltration into synthetic opals.
Solvent effects
To 
Laser action in photopolymerized CLC
Optically pumped laser action has been with a twist defect.
The PCLC film with the twist defect was prepared as follows. 81) Photo-polymerizable CLC monomer was spin-coated from a toluene solution onto a glass substrate on which a polyimide (AL-1254) was coated and rubbed in one direction. In order to obtain a uniform planar alignment, the coated CLC was annealed at a temperature just below the clearing point. The CLC molecules on the substrate align their directors parallel to the glass plate, that is, the helical axis is perpendicular to the glass substrate. UV light irradiation was performed using a Xe lamp to induce photopolymerization of the UV-curable CLC monomer. Two PCLC films were put together as the directors of LC molecules at the interface between these films to form a certain angle ϕ. In other words, there is a discontinuous phase jump of the azimuthal angle of the helical structures between these PCLC films at the interface, and it acts as a twist defect in the helicoidal periodic structure, as shown in 
Electrically tunable lasing in nematic waveguide under holographic excitation
The distributed feedback (DFB) laser action can be achieved with a transient grating using interference fringes induced by two excitation laser beams (holographic excitation). In this geometry, the lasing wavelength λ DFB upon holographic excitation can be expressed by
where neff is the effective refractive index of the active medium, λex is the wavelength of excitation beams, m is the order of diffraction, and θ is the half-angle between two excitation beams. According to this equation, the lasing wavelength can be tuned by changing θ and / or neff. Therefore, if neff can be electrically controlled, an electrical tuning of laser emission upon holographic excitation can be expected. Based on this concept, we propose an electrical tuning method of the lasing wavelength using a dye-doped NLC as an active laser medium as schematically shown in Fig. 19(a) . If LC having extraordinary and ordinary refractive indices, ne and no, is used as the active material for the laser medium, the effective refractive index neff can be electrically controlled due to the field-induced reorientation of LC molecules. Therefore, when a dye-doped NLC waveguide is holographically excited, the lasing wavelength should be tunable by changing the applied electric field across the LC layer. 
Transient defect mode induced by partial deformation of helix
The TDM based on the composite film of two PCLCs has been achieved. However, its wavelength cannot be tuned by applying an external field such as an electric field or light.
We have proposed a new type of defect mode in the helix, that can be dynamically tuned by applying an external field. 82) Figure 22 On the contrary, with increasing α, the peak shifts towards the shorter-wavelength edge.
The increase and decrease in α correspond to the squeezing and expansion of the helix pitch. Therefore, the tuning of defect modes could be achieved by partial squeezing and expansion of the helix.
Chiral defect fabricated by direct laser writing technique
We have proposed a novel approach to introducing chiral defects (local modulation of the helix pitch) into the helix structure of CLC. 85, 86) A schematic explanation of the fabrication procedure is shown in Fig.   24 
. Double periodic structure: Helix defect in -D PC
We have also introduced a CLC layer in a 1-D PC as a defect. [103] [104] [105] Figure 28 The transmission spectra in Fig. 28(b) , magnified around the longer edge of the PBG of the CLC, are shown in Fig. 28(c) . Four main peaks due to the defect modes appear at regular intervals (661, 673, 687, and 699 nm), although the peak at 687 nm splits. This splitting is attributed to the optical anisotropy of the CLC. Therefore, two kinds of defect modes corresponding to left-and right-handed circularly polarized light could exist outside the PBG of the CLC. On the other hand, one additional peak was observed at 678.6 nm, which corresponds to the band-edge wavelength of the CLC. By detailed consideration of the polarization states of transmitted light, the additional peak was clearly distinguished from the other defect mode peaks. Such a peak was not observed in a 1-D PC with a uniform defect, such as an isotropic medium or nematic LCs. 100, 106) Namely, this peak is a defect mode peculiar to the helix defect in the 1-D PC, and is associated with photon localization originating from the band-edge effect of the CLC helix. Note that this defect mode peak is very sharp and the FWHM of this peak is 0.05 nm, which is more than four times smaller than that of other defect-mode peaks (0.23 nm).
From the peak width, the Q-factor of the additional mode at the band edge of the CLC was estimated to be 14000, which was much higher than those of the other defect modes. These new devices exhibit tremendous novel characteristics, with which various new applications will be developed. We are convinced that these organic electronic devices and photonic crystals will become the key technology in sustaining the 21st century.
It should also be noted that these devices are also important from environmental viewpoints.
